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MILLING .ETECDS 4):D CCSTS aT TEL CONCLUT.uATCR 
OF TH! UNITID VURDE COF.=R CO., 
CLARKDALS, ARTZ. 


BY 
2 5 
Ce Re Kuzell and L. M. Barker 


Ii: TRODICTION 


This paper, describing the concentrator ovractice of the United Verde 
Copper Coe, is one of a series being prepared by the Eurecu of Mines. 


HISTORY 


The United Verde ‘concentrator was constructed in accordance with 
recommendet ions based on certein novel reasons which were quite different fro: 
those usually justifying the expenditure of such an amount. 


\ 
Concentrator oneretions started in March, 1927, although the 
metallurgical steff had considered for severel yeers the eventual adcition of 
& concentretor éenartment. 


United Verde ore had élw.ys been considered a direct smelting ore 
and the cost of producing copper by such methods satisfactory. However, : 
Pyrometallurgical wethods alone resulted in certain smoke nuisences due to the 
us@ of all sulphides in the ore as fuel in the smelting operctions. Apparently 
it was logical to avoid smelting these large quantities of iron sulvhide and to 
Store them for the future in the hope that sooner or later an economical process 
would be developed thet ~ould yield a profit on this iron end sulphur. 


The separation of iron sulphides from such ores by differential 
flotation methods fiad been considered, but was not even in a state of embryonic 
developixent ; hevertheless, laboretory flot:tion tests were undertaken “hich dis- 
closed thet such & separetion might be reasonably expectec. 


oo ewe 
ve - = 


anes eres oe eer eee ee eee oo See: ia: “nasi wera eeieee ena Ye ora nias a, «tabs - 0 tree mee ee oe 
1 The Bureau of ilines will welcome reprinting of this paver, provided, the 
sQllowing footnote acknonledgment is used: "Reprinted from U.S. Bureeu of 
Mines Informtion Circular 6343." 
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Owing to the dezrce of dissemination of the izinerals, ~hich are 
largely microcrystalline, it was evident that extxeiely fine grincing wes a 
ponderous problem that could be solvec only by determination of costs upon a 
large sccle. There was also considerable doubt as to the econoiy of a milling 
process that would involve lessened recoveries of silvex and gold, as cosaree 
with direct sxelting. The pitfalls were therefore so ominous thet the 
metallurgical staff did not fcel justified in recormending the construction of 
a large mill for cifferential flotetion of direct sielting heavy sulvhice ores. 
Believing, however that subsequent ilmproveients in flotation metallurcy and in 
grinding prectice rould eventually solve the problem the Seaff cought justifiable 
reasons for recormencing the construction of a concentreting plant that could 
be used economically for selected vortions of the ore body enc at the same time 
be utilized for working out the major problem of differential flotation of the 
heavy sulphide ores. 


Those portions of the ore body containing larye amounts of black, slat, 
looking rock, locally called "schist", yielded abcut 1,000 tons of ore per d-y 
which, from the pyrometallurgical point. of vier, was more refractory than the 
main nass of the ore body. Therefore, & laboratory flotation investigation of 
such schist ores was made. Although this investigation wes entirely successful 
as to flotation, the predicted corsbineé costs of flotation concentration plus 
concentrate smeltin;, did not show enouzh prefit, coupared vith the cost of the 
direct smelting of this schist ore, to justify the expense of a concentrator 
installation. However, metallurgical calculations did shov that the effect 
of the schist ore on the cost of smelting, the average run-of-mine “re, of which 
the schist ore constituted only about 25 to 30 ver cent, ves importint. 
Metallurgiccl date and calculations indiceted that if the schist ores were mined 
separately and then concentrated the snelting costs on all the other ore from 
the ore body vould be raterially reduced. About 106,000 tons of ore per month 
wes being produced by the mine; of this, 30,090 tons could be classec as schist. 
Calculations showed that 15 to 25 cents per ton could be saved at the smelting 
Plant on the total ore mined if only the 30,000 tons of ore per month vere 
concentreted for removal of the black schist mincral. a recommendation to build 
& concentrator was then approved and executed; es a result, exnectations have 
been wore than realizec in the hendling of the schist ore end thy 
cOipany has been provided with excellent meens of studyin, the major heevy 
- sulphide problem. 


THs ©20sLitu 

The United Verde ore bodies represent a revlacerent of ore=-Cambrian 
Schists by sulphides. The degree of replacement is variable, as is clso the 
character of the replacing sulyhides, a condition that necessitetes 
Classification of ore both vith respect to schist replacement «nd the . 
quantitative relations of mineral tyves in any given area. Thus,ores are classi: 
fied locally as schist, siliceous, siliceous massive sulphides, and mssive 
sulphides. The last are further classified with respect to valuable metel 
content as zinc massive, coprer massive, and copeer-zinc massive. The term 
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massive sulphice as usec herein implies that pyrite is a major constituent of 
the orc; it does not refer to massiveness of the veluable minerals. Sucha 
clissificetion is necessarily broad anc conecrns only outstanding mineralogical 
characteristics. all of the ores contain schist and quarts, with sulphides of 
copper, zinc, and iron in variable amounts. 


Mining operetions, though attempting segregation of ore types, can not 
be so closely conducted that mixing tyres can not occur, and the influence of 
such niixing is reflected in the cheracter of the schist ores and massives in 
ceneral, as celiverec to the recuction vorks. Conditions within the ore body 
Gictete the mining vetlhods followec and ber cirectly upon the problem of 
sesregcetion. methods ermloyed may be clessified broadly as underground and 
open wit, and both <~re concerned with ell ore types. The latter operation is 
of particular interest, because it involves ores that for incny years were 
unavailable, being in a zone of early underground workings bulkheaded off on 
account of an uncontrollable fire. Thoush some ore may ve found in place in 
this zone, mch of it has be n displaced by subsidence of old workings and is 
mixec. with the store filling of those workings. The whole is chemically 
altcred by fire conditions, the alteration ranging, in the sulphices, from 
sunerficicl tarnishing to complete calcination. The schist ore in this area 
is not as extensively alterec as the rassives, but it is difficult to mine 
it cleanly. 


Initially, concentrator operations were concerned solely vith the 
unburned schist ore. +n recent ixonths the sulyhide content of the concentretor 
feed has been increased by edmixture of massive sulphides, and at tines pit 
schist ores heve constituted a lerze nercent.ge of the tonnege of ores treated. 
The following table reflects those concitions and offers data as to vetallic 
values and mineralogical form of =cetals and gangue, as shovm by analyses of 
monthly conposites of concentratcr feed: 
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Chemical analyses 


Per Cent sOunces per ton 
Total: Oxide: : 


Period t ; a iat : : ; : : 
Cu:cu: Si02 ,Alg03, re , 6 S , an, CaO, AB, 
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AUg. 1927.3 32003 mam S 37 oe ° 156221755 ° 10.7 ° 1.0 e 0.9 ° 0.632 ° 0.011 
sept. 1929: 3.06: 0.17: 31.2 : 11.4:20.4 : 16.1 : 1.2 : 1-6: .738 : 016 
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Calculated mineralogicxl analyses 
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aug. 1927.46: 8.6: 13.5: 1.5 : D204 > £920 ; £9 


Sept. 1929.; 8.9: 23.2: 1.8 : 42.6 : 18.9: 1.6 : 2D 
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i Zine is calculated as sphalerite but is present as mrmatite. Specific 
gravity of the ore varies bet:veen 3.3 and 3.5.6 
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The variable nature of the ores trewvcd, which i3 soon by the ebove 
table, -revents »resentation of a com osite »ictuve of ore character. 
It sdll be noted that in the above tible schist has been cl ssified 
as a mineral. whis is -ermissible under local condicions because of 
the chemical uniformity of this geneue mterial. An apnroximate 
analysis of the schist follows: 


Per cent 
DLO re ccrvvecccscevsevcveee 28.0 
AL,Ogeesecccccesscccsrcee 20%0 
FeO eereceovreeeeneeoevneneeveee 13.0 
CAO ois bh 64 ae eee ees 0.3 
1 BU) oes igirds io eca ee ce eee ee ae L740 
Tagnition Loss waseccccees 10.0 


In the above ores conver is »oresent rinciv:lly as chalcopyrite, al- 
thouch minor amounts of covellite ind bornice have be n noted. Ovryide 
copver minerals are negligible in ths ore derived from unuder:round 
minins but reach serious roportions, from the ore-dressing stand- 
point, in the ores from the “ire zone of vhe mine. Inasmuch as the 
oxides -resent undoubtedly represent the products from »articl cal- 
cinatvion of sulphides, concentretion of such -.inerals in vhe finer 
sizes of the mill feed would be exnected. ‘he oxide content of the 
ores milled in September, 1929, ws above the averazve, and the plus 
100-mesh size »ortion of the mill feed showed 0.118 per cent oxide ° 
copper and the minus 100-mesh vortion 0.31 ner cent. ‘The moisture ¢ 
content of the ore is low, s2ldom exceeding 1.5 er cent, “nd off crs 
no difficulties in millin:. aside from the alternation due to fire 
conditions in the pit no other altemcion hus been noted, incident 
to mining -‘ethods, 


The degree of dissenination of the valuable minerals in the 
ores of the several types is variable. In \eneral, it m.v ve 
classed as extremely fine in co:marision with -10St co»per ores 
treatid in the Zcuthvest. In the schist oras, dissemination of 
the sulvhides in the.gangue is such vist minus 65-nesh grindins 
effects liberation. The association of the ch-leovyrite rith the 
marnetite and the pyrite is, howev r, more Corsiox, particularly 
in the massives. iJith a need for the seoaration of these minerels 
finer grinding beco:.ies necessary. 

The extent to which such grincin;, must be carried to 
effect unlocking ranges for the different ores from reduction 
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through & 200-mesh opening (0.074 ma.) to reduction throurh a 500-mesh oven- 

ing (0.046 mm.), and on some ores locking is still in evidence in the 19-:iicron, 
( roughly, 800-mesh) size. ‘The screen analyses of mill products shown in r.ble 

1 reflect conditions of crinding and disseiwin..tion of covper values for oe: tamber 
1929. Durins that month admixture of mas ive sulvhides vith the schist ores 

was marked, and the vercentage of vit ores lar-e. Metellurcical results ere 
therefore influenced both bv derre2 of dissemination of the copper und con- 
tamination of the ores with altered ores froi the fire zone of the mine. 


In vie- of the fine-s;rindin: problems involved in the treetment of 
all of the ores their resistence to crushins is of great inter st. Means hve 
not been available for obtaining; other than relative data covering this fector. 
Such data ere obtained from laboratory grinding tests and vilot-mill runs before 
the concentrator was constructed. Crushinz of the various ores through 3- esh 
size had been practiced for soe ti.ice in connection vith smeltin. orer:itions, 
and this work indicated that both the chist end massive sulphides tere «uite 
resistant to crushin’. ‘he schist ores, thow.h not hird, ere slabbyv, end the 
massives fine srained and tou:h. No attem:st was mace to cevelo: an index as to 
ecrushin: resistence in this step, inus:mudh as econo:iienl crushins, hed been 
denonstr:ted. The leborator; tests cited «bove wore concerned with the acecurmleti 
of comparative fine-srinding, data on repre entative loccl ores .nd ores fron 
several of the on:ratin; tines of the > uthwest, Briefl, this ror! demonstrated 
that United Verde schists end massives were more easily recuced throurh a iven 
mesh size than the othey ores tested--the massives being the softer. The follow- 
ing table lists the ores te:ted in the order of inc:e.sing resistance to crvshi g, 
as dctermined by this texsc work. 


1. United Verde massive S. Nevada Consolidated (i!ceCill) 
2. United Verde schist 6. ifiarmi 

Oo. Coprer “ueen 7. ifoctezuna 

4. Inspiration 8. New Cornelia 


In so fur as the United Verde ores <re concerned, it is of interest that -lnint- 
scale tests recently conducted to secure si ilar data have confirmed laboratory 
results. 

Because of the desree of dissemination of the valuable mincrals in 
the ores it has been found exnedient to do considerable microsconic work to suide 
metallurgical practice. This work has been confined chiefly to the study of scre 
Sizes of mill »roducts, using rethods develoned by the Bureau of Mines station at 
Salt Lake City, and modified to serve local nceds, #nd has been carried out by the 
research denertment of this commny. It his had <s its obiect determina:ion of 
the decree of lockin:. of the valuable minercl. with each other .né@ nith the cancus 
and nyrite. In as “nich 3: the mineralogy of the ores is comoaratively simlo 
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screen analyses of vroducts »nermit calculation of mineralogy, and ;nicroscopie 
study of the sizes permits an estimate of the inmortance of locking. In 

effect, “etailed quantititive microsco',ic studies are unnecessury. In re-ortins 
on flotaticn feed and samples of tailinss the microsconist directs his <.ttention 
to °ockiny of chalcopyrite, renorting the percentage loc!ed and the lo: king 
mincral, In the ex:minetion of concentrctes condition of the nyrite is of 
importance but in this case the degree of freedom is reported. It is important 
to yoint out ‘hat such esti:x tes of locking or freedom involve cert:in 
prob-bility lavs and the cetermination of the extent to which observed conditiors 
must be discounted to errive at a true picture of lockin; conditions gives rise 
to many que tions. It is sufficient to say thet cll free grains observed are 

not free, and the nature of the locking may det.rmine the chances of a lockec «rain 
being shown as free when briqguetted. ‘hen it is also considered that flotation 
thenomena have to do with the surface conditions of the mineral vnarticles the 
necessity for caution in intervretation of the results from microscopic studies 
is omphasized further. 


LOC .xION, DESIG, .21D CO" STRUCTION 


The United Verde concentrator is at Clarkdale, Yavapai County, 
ariz.; the voint at which all the United Verde smeltinse onerations are conducted, 
Geographically it is located on the Verde River at an elevation of 3,400 feet 
above sea level and at 2a distance of approximately 6 miles, by standard-guaze 
railroad, from the main haulage level of the United Verde mine. The mine is at 
Jerome, but the haulage level emerges at Hopewell at an elevation of about 4,500 
fest. A subsidiary cornoration, called the V rde Tunnel & Smelter Railroad, owns 
anc onerites the interconnecting railroad. 


The location for the concentrator was selected adjacent to the crush- 
ing plant. It should be stated that the csround profile is uphill from the 
crushing plant to the concentrator, which necessit tes delivery of the crushed 
ore frori a lower to a higher elevation, which is diffsrent from usual practice. 

In this case, however, there was no other suitable location. It is interesting 
to note that the increment of extra cost for delivering the ore uvhill is not over 
a quarter of a cent »er ton. 


The general location of the concentreting slant is such that tailings 
can be delivured by gravity through a pive line to a very desirable location for 
tailings disvosal. ‘the plant is also located favorably ~ith resnect to <1l 
services such as railroad, water, »over, and the like. ‘the railroad facilities, 
a. above mentione*, are provided by the V.rde Tunnel & Smelter Railroad, which, 
however, interconnects with the Atcheson Topeka & Santa Fe Railroad at Clarkdale. 
The water su ,ply has its source in springs, artesiam wells, and a tunnel under 
the Verde River. Pover is available from the smelter power ilant, the renerators 
therein being operated on waste-hect steam from reverberatorv furnaces, The 
smelter power system, however, is interconnected with the Arizona Power Co. 
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The type of construction is that usually fou:d in the concentrating 
plants of the lar; er com-anies in the Southwest, being, concrete, steel, and 
calvanized iron with an abundance of windows for li.hting,. Preli-iinarv test- 
ing of the ore was done by the local staff at Clarkdale, althoush these tests 


were suy)lemented by confirmatory laboratory tests by the Tinber Butte 
Co. Instead of »vilotemill operations a batch of several thousand tons 
was run through a sm:ll concentrating nlant at Humboldt, Ariz. Mr. °. 
Rossberg, manager of the Timber Butte ifining Co., contributed valuable 
and consulting service on the problem. Desizn or the concentrator was 


445i ning 
of ore 

N, 

advice 
initiated 


by Mr. H. Kenyon Burch, a prominent mill desis;ner of the Southwest, and was 
continued locally under the direction of tne United Verde's chief engineer, 


Lfée ads Be LANNIns, 


mxpenditure for the concentrating plint did not include the expense of 
a crushing department, because this denart.ient hid clread: been functioning and 


was of sufvicicnt canacity to crush the amount of feed required by the 


concentratin; departient. In this «rticular set-up the concentrator has been 
in the nature of a minor denartment *ith resvect to the snelte , and the crush- 


in’ vlant was desizned in a flexidle arran ement to 


vnermit prenaration of ores and fluxes to meet a varie:sy of conditions in the 
suelter depertments. Although the crushin, clant has be n very ef: icient from 
the snelter scoint of view, it is not an ideal crushing plant for serving a 
conceitrator; some smell e.:cess crushing cost, therefore, has to be borne by 
the concentrator department, but this is not ecuivalent to the smount of fixed 


charzes that “o:ld result from construction of a crus ing slant for the 
concentrator service alone. 
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PRaoale  SYHOD>S OF COLCEIT RTT 'G 


The primary breaking is done by Allis-Chalmners ‘aw crushers, 48 
by 36 inches, of all-steel construction. The intermediate crushing is 
done by 48-inch vertical-typepdtehScrushers, followed by finishing 56 
by 24 inch FRBYi8? crush ing to minus 1/4-inch size. aA system of belt 
conveyors and elevators is used bet’een units. figure 1 is the flow 
sheet of the coarse crushing »lant when pre ovaring ore for the concentra- 
tor. Figure 2 is the flow sheet of the fine crusning ~ lant. 


The raximum size ciece of ore received av the crushin; ~lant is 
about 17 inches, whe nroduct of the jaw crushers is minus 4-inch size, 
and the »roduct of the disk crushers is -zinus l-inch size. as stuted, 
the roll product is minus l1/4-inch size. As the flow sheets shor the 
removal of undersize by crizzlies enc other screens recede each stage 
of crushing. 
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Figure 1.--Flow sheet of coarse crushing phant 


(4) 250-ton cavacity receiving bins 


: : 

(4) 43-inch apron feeders 

(4) Stationary 5 by 6-inch grizzlies 

(4) 48 by 36-inch Biake crushers set 
at 5-1/2 inch 


(4) S0-inch belt conveyors 


(4) 4 by 5-foot Hummer screens, tipe 39, 
2-1/2-inch ovenings 


ES EP ap ae TE 


Undersize (minus 2-1/2 inch) Oversize (minus 4 plus 
(4) 4 by 5 foot Huxmer screens, 2-1/2 inch) 
type 37 - 35 mesh : 


e 
e 


Undersize, minus 3 mesh Oversize (minus 2-1/2 “lus 
: 1/4-inch) 


24-inch belt conveyor : 
: 40-inch belt conveyor 


Concentrator feed bins 


To fine crushing plant 


2s 10.< 
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figure 2.--Flow sheet of fine-crushing plant 


Coarse »vlant 
30-inch conveyor 


Stock pile 


24-inch conveyor 


Minus 2-1/2 plus 1/4-inch Minus 4 lus 2-1/2-ineh 


(3) 


(3) 


(3) 


(6) 


(12) 


Undersize (minus 3-mes 


24-inch belt conveyor 


Concentrator feed bins 
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OO-inceh convevor 


125-ton carecity ore bins 


oO-inch belt feeder 


Stationary crizzlies, 1 by 1-1/2 inch 
: Symon > 
43-inch vertical/disk crushers 


30-inch belt convever 


24-inch bucket elevators : 
Oo by 5-foot Hurmer screens 
type 37 - 3 mesh 


h) Oversize 


>: Traylor 
(3) 56 by 24 inch folls 
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The loc.ition of the concentrator with reference to the crush- 
ing plant, the sourc. or its feed, neccssitaves an exvensive conveying 
Syston for ore transsortation. Routin:s of the ore is follows: a $6-"nch 
belt conveyor, 506 feet 9 inches lon, enter w center, tr: v2ling 406 feet 
oer minute, receives the ore from the fine crushing plant and delivers it 
to a second 36-inch conveyor, :cO feet 7 inches lon, center to center, 
travelin; at the rate of 362 feet ‘sr minute. The sscond conveyor is 
ecuipped with a motor-driven tripper which deliv rs the ore to the concen- 
tir.tor bin. ‘The bin comprises to halves , which cre filled and emptied 
alternately. Ore is withdriwn frou the bins by Crum-ti:pe feeders, which 
deliver the ors to four 24-inch conveyors travelinsz at the rate of 150 feet 
ser uinute. ‘here are 4 such feeders, snaced .t 5-foot 6-inch intervals 
o.long the botvom of the bin, foeding each of the fsur co-veyors, Two of 
the conveyoi's receivin: ore from the drum-t’me feeders delivers to a cros” . 
conveyor feedinzs, the or -mary boll 111 of one unit, and the remaininze two 
conveyors recdiving ore from the drum feeders deliver to another cross 
conveyor feedin;; the ovher prixz.ry ill. These cross eonyevors ere 24 inches 
Wide and travel az tha rate of $6 feet par minute. AMES +f Eometer is 
instalied on the 36-inch conveyor receivins ore from the fine crus:ing 
plant, and sinilk r weithtometers wre also inst:lled on the to 24-inch 
feelin; the orijar. “iils. Drum fe dears are driven throuch cang-worm 
drivers by variable sveed motors. Whe drivin; urrangerent is such that 
the 48 fesders servin 2 ;iven ball mill constitute a sroun in the -ang 
drive. #3:dingzg rate is controlied by the number of feeders overated, finger 
Clutches beins, availavdle ..t each feerer, the s-eed of rot tion of the drums 


nd the size o. openin at the “rum dischazr oe. 


belts 


Will flow sheets 


aS initially construct:d the mill coasistea of two units, each 
ith a flow sheet as shown in Ficure 3. ‘vhs millin- -rosram contem~ lated 
an laiti.l millin.. ccpacity of 1,000 tons of schist ore «-r day. Involved 
in the desi-n, however, were ~rovisio:s “o: Plexibility in bell-mill speeds 
which er itted, ultimately, the treatment of 1,700 tons -er dey (800 tons 
ner unit). Feed siziny was avproxirtel; that storm in Table l,and grinding 
W738 carried to 82 er cent minus 100 mesh. 


A laboratory invsstig:tion of the -ossibilities for im>rovement 
of metallurgy throu;h the rejection of »yrite demonstrsted the’ need for finer 
arinding--this being «1: ticularly >ecsssarv «s the sul~hide content of the 
feed was raised by admixture of mssive suiphides with the schist ores.. It 
was also demonstr-.ted that fine crindi:s of the total ors, as distinguished 
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Figure 3.— Single-stage grinding flow sheet . 


Unit | (Expenimentac ) 


aie O- 8x12 Bate Mice 

@ -8'x30' Dorr Dupcex 
@-G" Witrrey Pump 
@- 8x12 Bare Mice 
®)- 8x 33x 22- Dorr Bowe 
@-3-Way DisrriButor 


D-|6Cect- 24° Sus.A.MS. 
©-50' Hunt Rovener 
@-15' ° CLEANER 
(0)-4" WitFLey Pump 


@-4- ° : 
7 nn 
f 


I. C. 65435 


from regrinding of concentrates, was essential, or at least that initial 
srindin: sho.ld be carried :wmch farther than is usually the case where 

re rindi: of concentrates is done. Furtherance of this investigation on 

a mill scale, tocetvher with a need for determining crushin> resistance of 
certain of the massive sulshides, necessitated installation of additional 
erindine © uipment, “ith auxiliaries, on one unit. Although restricted floor 
space dictated, to a certain extent, placement <nd units of ecuipment 

inst lied, considerable flexibility. of flow sheet was -~ermis ible, and means 
were availiable for investig tion of the several possibilities involved ina 
finer. grinding; -rojram. The flow sheet ultiuatvely used on this ex»verimental 
unit is shovn in Wisure 4 Conr-lusions dravn from this test vork ma‘ be 


summarized briefly as follows: 


(1) Two-stase crindins wis :wore efficient then single-st ge crinding. 
(2) Larce circulating loads throuvh the ball :1ills are requisite 


to maximum z:rinding, 
(3) Classifier ecuipment was inadecuate to effectivelv load the ball 


mills. 


Upon conclusion or the above test »vrogram it became desirable to 
utilize efficiently avcilable grinding ecuipment in the current milling program. 
Fiszure 5 shows the flow sheet adopted to accom-lish this. 


It vill ba noted that in this flow sheet new feed soes directly 
to the ball-mill scoop boxes. Removsl of initial fines in the new ore, though 
ofiering possibilities, has not, as vet, been tried. ‘/ith the flow sheet ss 
shoin in Ficure 5 mill capacity varies from 1,200 to 1,600 tons >er day, 
denending unon the degree of grinding required, winich is in turn determined by 
the cheracter of the ore and the metallursical objectives sought. Use of the 
crindim equipment in such a flow sheet >rovices for maxi:ium utilization of 
the primary ball mills, alths>uh, due to inadequate raking canacity of the 
bowl classifier, the secondsry ball mill is underloaded. Notwithstanding, 
the following com-arison denonstrates the erits of the 2-stage crinding flow. 
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23 Tonnage a6 : Kh. 
rate ¢ Tons -100mesh » per ton of 
: -100 


per 24 hours:product »roduced 
: product sroduced 


~~ arb -eeees of 3 wee 


Single Stace : 1, 200 : 840 : 11.4 
Two sta:e oe 1,600 aces 1,280 10.6 


Tho averaze tonnage rate maintained during September was 1,532 dry 
tons per day, with a maximum of 1,613 and a minimum of 1,165 tons. 


Fine grinding 


Figure 5 is a flow sheet of both primary and secondary grindin: 
Stages. All ball wills are axproximately 7 feet 6 inches by 11 feet 6 inches 
inside dimensions, and all are driven by synchronous :otors. The primary 
motors are 400-hp. internal ma;netic clutch tyve and the secondary, 350-hp. 
direct connected. The selection of synchronous motors for this service was 
dictated in part by their value for »nower-factor cornection in the local nower 
system. Primer? mills are driven at 19kahaMe ne secondary at 168. PT vis 
necessary to point out shat these specds are not accepted as the most efficient. 
for mills of this size but have proved better thsn lower speeds, An investigation 
of this phase of the local grinding »>roblem is under way. Bali-mill gears and 
Dinions are machined steel-spur type. Balls and liners are of white iron and 
ére cast in the local foundry. ‘The ball charse carried in both tyres of mills 
approximates 33 tons. Wave-type liners are used and average 3 inches in thick~ 
ness; there are 80 minor longitudinal waves about the shell perinhery. Total 
Weicht of liners avoroxinates 25 tons. Meice-up ball charzes to prinaries are 
approxiviately 3-1/4 inches in diameter and to the secondary 2-1/4 inches. Under 
present grindin:; conditions ball consumption averages 2.0 nounds and liner 
consumption 0.25 pounds per ton of ore milied. Tabie 3 sives data as to 
operating time and tonnaze rates and Table 1 the screen sizes of various 
érinding circuit products tosether vith tonnavtes and densities on the basis of 


1,600 tons daily capacity. 
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Classification 


Dorr classifiers are used in both grinding stages,standard 
duplex machines beinz used in closed circuit with the primary mills and 
a bowl classifier taking the overflows of the «~ri:ery mill classifiers 
and operated in close circuit with the «econdary mill. Classifier 
dimensions are sha'n on the various flow sheets. ‘ri:ary classifiers 
have a slope of 3-1/4 inches per foot and the bowl classifier 2-1/8 
inches »er foot. Rakes of primaries of unit 1 onerate at 29 strokes 
per minute, those of unit 2 at 26 strokes er minute and the speed of 
the bovl sweeps and rakes is variable, dependent von duty. Ne) 
tonna,,.e data given in Yable 1 are derived by calculation and/tourse 
depend upon the reliability of samsling and sizing tests and also uron 
the limiting screen size used as a basis for the calculation. In the 
main,errors are probably not greater thin 10 ver cent, although differ- 
ences in the tonnase of sand on units 1 and 2 indicate a vider discrepancy. 
Difference in raking speeds of the two scts of classifiers wil account for 
so 6 of the difference and operating conditions, other than shat for the 
rera index. The table shows further that althoucth circulation throuch the 
privary mills is hich, it is low thraucth the secondary, a l:c!: of classifiers 
cavacity being indicated. Clas-ifier sind launders have « slove of 4 inches 
ner foot, but feed launders are flatter,sloving approximately e inches >er 
foot. Both launder svs sems are lined with rubber to minimize vear and improve 
pulyv flow. 


Flotation 


The flow shests used -ith the several machines are shown in 
Ficure 5. That apnlied on the Mincrals Sevarition machines, consisting of 
the introduction of feed into the first cell, the return of mid¢clinss froth to 
thab cell, and the removal of finishe*t concentrates frou the first four cells 
has proved most suitable both from the viewpoints of metnuilurgy and operation 
This is due in part to the fact thav unusual frothing conditions have been 
encountered with the use of the lime circuit. The unusual characver of the 
froth is attributed to contamination of the -ulp by reaction ~roducts derived 
from the action of caustic nulp water on the wood-pul» content of the ores. 
The aluminous nature of the gangue and the >resence of aluminum sulvhete in 
the ore are contributing factors. Reroval of the wood pulp from the ore prior 
to its introduction into the grinding circuit is essential and -resents a 
problem for which a solution has n>t as vet been found. 
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Four 16-cell 24-inch subaeration Minerals Senarirtion nechanical 
flot-tion machines constituted the initial flotation ecuipment of the 
concentrator. The Hunt-tyne air mechine wes instelled for exderimental 
purposes. the flotation -achines were ch:sen because of their redognized 
uti: ity in the treatment of coarse feed and ores of hich svecific gravity. 
at the tine of installetion, too, the imoortance of mechanical acitation in 
the flotation process could not be ignored. Hach -achine is driven throuch 
a Lennix-type drive by a 75 hp. motor. air is sux»lied to the four “machines 
at 2 nounds pressure bz a blover with a rated camcity of 3, 200 cubic fect of 
frec air ~er minute. Since the addition of the experimental air machine and 
with the treatment of increased tonnayes of or:, «air reauircnents for the total 
plant ap-roxi:'ate 7,000 cubic feet ~er minute. ‘This is reflected in the 
distribution of costs and »over as shorm in Tables 4 ana 5. 


Reagents 


Line, cyanide, Na-ethyvl xanthate, h-amyl xanthate, and stean- 
distilled -ine oil are the reavenvs in ‘eneral use. A brief discussion of 
methods of addition and of the functions sitributed to the several rea’cnts 
follows: 


Lunn-burned lime of hizh «rade is 2vailable in the vici-ity and is 
purchased on an aveileble CaO basis. Tt is slackadin ths plant and fed as 
milk orf line to the »vrimary ball ilills. ‘Yhe feeding device, develoved locally, 
4s shown in Ficure 6. The line nvutralizes deleterious soluble ore salts and is 
effective for ovrite depreszion. Its uddition to the »rivary bell mills is 
essential for best copner recovery 2nd svrite rejection. > is uset in 
sufficient cuantities to vrovide bettveen 0.° .nd 1.0 vound of excess CaO er 
ton of water in the flotation feed, Consumntion ranges between 5 and 20 nounds 
per ton of ore, dependent lar;ely uron soluble salt content of the ores, 
titrations of classifier overflow and flotation feed witers with standard acid 
solutions, using chenolpthalein a. an indicator, are tle besis of causticity 
control. Close control is ast nossibls,owing to the variable notur: of the ores 
treated, and this in the min dictetes the use of hi her ceusticities than are 
necessary to obtain requisite rejection of pyrite in the flotation operations, 


Cyanice is added to the ball-mill feed as crude calcium cyanide by 
a feeder provided by the cyanide iwenufacturer. It is used in <inor amounts only 
and appears to function as an activator of chalcovyrite, though errective to 
a small degree for pyrite depression. 


The tvo xanthates are used in variable amounts, beins fed by chain-~ 
bucxet feeders to the bowl-classifier overflow. ‘Sthey.are fed in controlled 
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proportions, as demnded by frothing conditions. The arvl xanthate has 
proven the better collector and causes marked flocculation of the 
floatable sulphides, This auality is utilized in the cmtrol of frothing 
althouzh its sole use is seldom pernissible because of resulting over 
flocculation of sulnhides and consequent destruction of froth. 


Steam-distilled vine sil is the frother and is fed by ~erns of 
drin buckets to various »oints in the flot-tion circuit. Other fecding 
devices heave be:n and sre beins exnverinented with; but noints of addition 
are -idely separated, and quantities: of nine oil added are so small that 
the usual feeders hzve »roved inadequate. The feeding method offerins 
most promise comprises use of a pulsating pnurm suvplying a nire line 
ecuipped with sprins-controlled needle valves of the t*pe common to 
lubrication systems, 


The quantities of the several reanents used ~er ton of ore 
treated are given in Table 5. 


ocreen analyses of flotation feed, concentrates, ana teilings 
are _iven in Yable la. 


Dewatering and hiandine concentrates 


Flotation concentr:.tes of a density ranzing between “5S and 40 rer 
cent of solids flow by orsvity to a sum: serving two 6-inch Wilfley -unps. 
One of these ynumos is onerated continuously, the other servine as s stand 
by, and delivers the concentrates to a 60 by S-foot S-inch Hardinge thickener 
The thickener overflow is diverted to the reclained w.ter svstem and thence 
to the mill reservoir. Thickened concentrates are withdrawn from the thick- 
ener, at a density of 70 to 75 per cent of solids, by a Dorrco dicphram 
pump and delivered throuch launders to a wimp sw serving two 4<inch 
Wilfley pumys, Pumning service here is intermittent, end one num sufvices 
for the Celivery of the concentrates to agit: tor--ecuisped storace tanks 
above the filters. ‘The stora-e of thickened concuntrates is necessary to 
permit filtering and selivery to the sieltin; deprtment as needed, ‘the 
Sstorace tanks deliver to three American-tyre filters of o-leaf, 10-sector 
desicn, 8 feet 6 inches in diameter. Hach filter trovides 300 Square feet 
of filterin: area. All filters are operated Simultaneously to expedite 
filtering of concentrates and disvosal of ecake, The tot-l filtering tine 
is thus limited to annroxiv:ately 6 hours er dcy. Filtor ca~acity averaces 
0.75 ton of concentrates ner soucre foot of filtering surface per 24 hours. 
Vacuum is iiaintained at 22.5 inches by Incrersoll-Rand Isperial type XB 
belt-driven vacuum pumps. Cylinder dimensions of pum:s =re 27 by 14 inches, 
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R-P.M. - 
Purnns are driven at 170/ by 1l00-horsenover motors. Blow air for the filters 
is obtained from the flotation blower system at 1.5 pounds »ressure. Filter 
bags are of the standard filter twill, sinzle plv, and are purchased from 
the filter mnufacturer. The life of bazs, measured in total elapsed time 
of service, is 83 days, which in terms of continuous service ap»roximates 20 
days. The moisture content of the filter cake ranges between 12 and 14 ~er 
cent end appears to devend uvon the alumina content of the concentrates, which 
ranses from 2.3 to 3.5 per cent, Yiltrate water from the barometric les is 
automatically reclained and returned to the concentrates, thickener by ¢-inch 
centrifugal punps, float-controlled from the barometric leg sump. 


Each filter discharses its cake to a -torate bin surmountins two 
unloadins conveyors of special design, combinin:: elements of both the pan and 
belt tyne of conveyors. Concentrates storase cxpacity available in the three 
bins a proxi- ates 150 tons. the unloadins conveyors discharge through chutes 
to a 24-inch belt conveyor, which in turn deliv:rs to the roaster-charzing 
sonveyor system of the smelter. The conveyor system is ecuipped with a -ierrick 
weizhtometer for recording the tonnage of concentrates handled. To increase 
accuracy of weishins a uniform ribbon of concentrates is m-intained on the 
belt by the use of wire cake cutters 2% the discharge point of the unloading 
conveyors feedinz it. 


Dewatering and disposal of tailings 


Tailings pulp flows by gravity toe distributor adjacent to the 
thickener installation, where its distribution to the thickeners and to the 
wood=stave dis»osal line is accommlished. ‘two 60-foot by 8-foot 3-inch 
Hardinge thickeners are available for thickening tailinzs, but their cq™acity 
is linited to something under 50 per cent of the tailinss ton-are made at the 
milling rate prevailins durinz the seriod covered by this repvors, Tailings 
density av-razes 25 per cent of solids as rejected by the flotation machines, 
and this constitutes thickener feed. Thickeners discharce by gravity througzh 
bushing-controlled syigots at the intake of the wood-stave line. Discharze 
density anyroximtes 50 to 55 per cent of solids and feed to the tailings line 
85 to 40 per cent of solids, Thickeners nre operated to a clear overflow, 
which is diverted to the reclaimed water system. Delivery of the tailings to 
the teilings vond is accomplished through a 'ood-stave gravity Line,»hich has 
been in service over two 2nd one-half yeirs and shows but litle wear--, as 
practically no repairs having been recuired during that oeriod. 


The tailings yond site is an ancient chenrel «nd valley of the 
Verde River and offers an ides 1 stora.e esrea. The terrain provides natural 
closure of three sides of the area. 4 trestle was erected across this channol 
and carries a launder which provides for disposal of t:.ilings and the building 
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of a dam beneath it thus effecting closure of the fourth side of the area. 
Disvosal of tailings on the dam is accomplished throuch 1.5 inch holes 
drilled in the bottom of the launder. Deposition on the dem is restricted 

to day shift only and then to definite areas, the launder spigots not in 

use being closed by wooden plugs. Tailings not diverted to dam building 

are by-passed to the sides and center of the »ond area throuzh ditches 

and launders on either side of the channel or valley. The dam face is raised 
by hand shoveling, a minor border or bank being thrown up to prevent back- 
flow of tailinzs over the dam f-ee during the period of snigot diseharge 

from the launder above. By this operation elevation of the dam can be 
increased more rapidly than the veneral level of the pond, and no difficulties 
bnve been encountered in keeping the tailings impounded, Under present 
conditions the entire area can be readily wetted by proper disposition of 
talings, but this had not been necessary because the protected nosition,of 
the pond togetier with a tendency of the tailings to crust or cake on dry- 
ing have sufficed to eliminate the dust nuisance, 


Sampling 


With minor exceptions it has not been difficult to obtain ¢curate 
samoles. Automeatic semplers actuated throuch cables by a master water- 
tilting box were nart of the initial equipment of the concentrator. Mein- 
tenance of this mechanism in proper working order, particularly as regards 
remulation of the travel orf the several semplers Griven by it, vroved 
difficult, and adoption of hand sampling was necessitated. This oractice has 
been continued up to the vresent time with one excevtion--an automatic sampler 
is overated on the seneral tailin:s launder. This machine samples all mill 
rejects, and the sanple thus obtained is used for determination of mill losses, 
It also serves as a check on the hand sampling of tailings on the mill units. 

All control samples are cut from pulp streams, except, of course, 
the moisture sample of mill feed and that of the filter cake. Pulp streams are 
in generel small, and vith adequate s:mpling steps grab samples have proved 
reliable under the prevailing fine-grinding conditions. The sampling 
interval is 15 minutes, and samples are taken by samplers assigned to each 
operating shift by the metallurgical denartment. 


Concentrator samples are vrevared for analysis at the wncentrator 
bucking room, but analyses are made in the general laboratory of the smelter, 
Bucking-room duties involve the determination of wet and dry weights of samples 
and the other necessary steps in the preparation of nulps for analysis. The 
bulk of the water is removed from samples of pulp in pressure filters. The 
filter cake is then dried for a period of approximately 1.5 hours in electric 
ovens, whose temperature is thermostatically controlled betveen 340 and 360° F 
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Riffling of samples to desired size, screening, and bucking follow, 
after which the samples are placed in appropriately marked 8=ounce naper begs 
for delivery to the labor- tory. Preparction of monthl: composites and the 
making of sizing tests are other duties of the sampling force. 


Water suoply 


The concentrator weter-supply system is an integral part of the 
local smelter weter system. Adjacent to the concentrator and supplying it with 
water is a reservoir of anproximately 600,000 gallons capacity, which is supplied 
from the smelter weter supply system, latter svstem cerives its water from 
two sources, Springs in the adjacent mend the Verde Rivere Spring water 
flows to the s:-stem by grevity. The river water must be pumped. Pumping 
equipment available for concentrater service consists of the following: Two 
centrifugal oumps, exch with a capacity of 600 galllonsa per minute end two 
trinlex plunger pumps with a cavacity of 400 gallons per minute. Pumps operate 
eg2inst a static head of 290 feet. 


Water reclaimed in concentretor thiclkening operations is also 
returned to the reservoir. Thickener overflows are collected in two tanks of 
12,000 gallons capacity each, which serve as sunps for two centrifugal pumvs 
of 1,000 gellons per minute capacity direct connected to 50 hp., 1, 750% ties. 
Pumps are automatically opereted by float switches. But one pump is operated 
at a time, the other serving as a stend=by. Punns opercte agcinst a stctic 
head of 120 fect. 


Availeble water mar be vroperly classed es “hard", but does not 
contain elements that interfere with ore-dressing »r:ctices. Mixture of fresh 
and reclaimed waters has been found undesirable because of precipitation 
resulting from reactions between excess causticity of the reclaimed waters and 
hardness of the fresh water. The precipitate accumulates in large quantity in 
the reservoir, and srecipitation is extended into mill-sup ply lines, with the 
result that scale and accretions form in unfesirable amownts in those lines, 
Separation of the two waters up to the point of use in the mill is contemplated. 


water consumption dat~ are given in Table 3. 


Concentr: tor rec overy 


Analyses of concentrator products are given in Table 2 and 
metallurgical deta in Table 3. Significant feetures of these data are the pyrite 
content of all of the products and the copper content of the concentrates 
and tailings. The concentretes are low grade, due to dilution by gangue, pyrite, 
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and marmatite. The screen analysis of these concentrates given in Table la 
presents another interesting feature, namely, decreasing grade with 
decreasing size of material. Complete analyses of screen sizes from 
concentretes of other periods have shovm that chalcopyrite aud gengue are the 
major constituents of the coarsest size, with pyrite and marmatite becoming 
of increasing importance with decreese in size of material. Closed=circuit 
erinding efrects are thus reflected in the flotetion concentrates. The 
feature of particular interest, however, is the a>.arent increased flotation 
of nyrite in the finer sizes from a circuit in which reagent conditions are 
such that the rejection of a»»roximately 70 per cent of the pyrite in the 
feed is accomplished. On the basis of percentage rejection of pzrite from 
the various sizes of the flot:tion feed itis not surprising to find, under 
the screen-analysis conditions shown, that rejection is high in the coarser 
sizes and low in the finer. From a to :nage standpoint, greatest rejection 
of vvrite, of course, comes from the finest size, which constitutes the bulk 
of the flotation feed. Microscopic study of the concentrate sizes, above 
and including the plus 300-mesh size, resulted in the mnclusion that 75 
per cent of the pyrite, and also of the marmatite, was free and rejectable. 
Peculiarly, all attempts made to grade up the concentrete by flotation and 
manipulation resulted in increased losses of tailings, which were out of 
proportion to the rejection of pyrite accomplished, and such grading-up 
could not be achieved without grinding of the concentrates prior to further 
flotation treatment. 


Turning to the tailings screen analysis, distribution of copper 
values indicc.tes need for finer grinding if recoveries cre to be improved. 
This conclusion is verified by microscopic studies of the sizes, above and 
including the plus 300-mesh size, from which the conclusion wes drawn thet 
chalcovyrite present was largely locked either to gangue or to pyrite. 
Considering this condition in conjunction witn the studies of concentretes 
it would appecr that either a certzin type of pyrite present in the ore 
exhibits the same flotability as the chalcopyrite (or possibly certcin 
Chalcopyrite=pyritd middlings), or the entire problem is a middlings 
problem and concgusions dravm from microscopic studies of the concentrates 
are erroneous. In viev; of the results of regrinding tests on such con- 
centrates the letter conclusion would appeer to be the correct one. 


The zine content of the concentrates has directed attention to the 
possibilities for improving grede of concentrates through rejection and 
Separetion of the rarmetite. Microscopic studies of polished sections of 
the ores indicated thet - ssociation of chalcopyrite and marmatite w-8 more 
intimate than that between the chalcopyrite end the pyrite. Coupled with 
thet is the fact thet marmatite in the current ore is highly activated and 
as yet, no means have been developed for depressing ite 


8010 


I. C. 6345 


It-is imnortant to point out that the considerations involved in 
the preceding discussion bear directly on the local grinding problems. They 
serve to emphasize the importance of a fine initial grind on the United Verde 
ores for, although a regrind prsctice for concentrates may prove of economic 
valve, the onutstending consideration appears to be that initial grinding must 
be carried to such a point that middlings if remaining «ust be flotable in 
initial roughing flot-tion operations. It also follows that «es the sulphide 
content of the ores increases, assuming similar conditions of dissemination 
of the v-luable minerals, the more importcnt will the initial grinding wor 


becomée 


Summarv of costs 


Tables 4 and 5 present summaries of milling costs in terms of labor, 
power, and money units for September, 1929. ‘the total is somevhat higher 
than avercge, and individual items may vary somewhat from average figures. 
Under fine-grinding supplies, balls and liners have been charged out at 
averere consumotinn rates. ° 


Labor costs include a bonus payment to emplovees for increased 
efficiency of the group. The bonus system has as its object increase through 
the medium of reduced treatment costs and increased recovery of v..lues of the 
net return obtained oer ton of ore treated. To employees it offers, as an 
incentive for higher efficiency in group effort, particivation in the yield 
from guch increased efficiency. Payments to employees are based upon ovre=- 
determined standards of efficiency, covering the items ratio of concentre tion, 
recovery or values, and operating time in vnit hours, cnd number of employees. 
gatics of concentration and recovery standards are properly balanced to 
measure net increased in netallurgic. 1 efficiency. Overating-time standards 
mke reasonable allowances for repairs and necessitate eflicient mechanical 
maintenance if bonus »oa;ments are obtined. 
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Mesh Cun. Cum Cum | Cun. Cum. | Cun. 
|Per cent pner_cent| Por cent|per cent! Per cent | per cent Per cent|per cent Per cent par_cent|_Per cent per cent. 
Plus 3... | 3.15 | 3.15 | 3.00 | 3.00| 0.2 | o1| os | os | 03 | o3| o8 | oO 
Plus 4... | 14.75 | 17.90 | 15.20 | 18.20| .6 | .7| 1.8 23| .7 | a0] ae | 2a 
Plus 6... | 13.35 | 31.25 | 14.90 | 33.10} «9 1.6 | 1.5 3.8 | 1.2 2.2| 2.0 4.1 
Plus 8... | 11.35 | 42.60 | 11.70 | 44.80] 1.4 3.0 | 2.0 5.8 | 1.9 41] 2.9 7.0 
Plus 10.. | 10.25 | 52.85 | 10.00 | 54.80 | 2.2 5.2 | 2.6 s.4| 32 | 73| 3.8 | 10.8 
Plus 14.. | 8.45 | 61.30 | 8.20 | 63.00 | 3.8 9.0 | 3.7 2.1] 4.8 | 12.1 5.2 | 16.0 
Plus 20.. | 6.10 | 67.40 | 5.80 | 68.80] 5.3 14.3] 4.7 | 168] 7.0 | 19.2] 6.7 | 22.7 
plus 28.. | 5.65 | 73.05 | 5.45 | 74.25 | 9.5 | 23.8 | 8.0 | 248 | 1.7 | 30.8] 10.8 | 33.5 
plus 38.. | 3.75 | 76.80 | 3.55 | 77.80 | 12.7 | 365| u1.7 | 365| 15.5 | 463] 146 | 48.1 
plus 48.. | 2.70 | 79.50 | 2.70 | 80.50 | 13.6 | 50.2 | 12.8 | 49.3] 13.4 | 59.7| 14.5 | @2.6 
Plus 65.. | 2.55 | e2.05 | 2.45 | 92.95| 13.4 | 63.5] 1.8 | 2.1 | 15.0 | 74.7| 13.2 | 75.7 
Plus 100. | 2.55 | e4.60 | 2.25 | 95.20| 9.7 | 73.2| 9.7 | 7o8| 99 | e446] 29 | 84.6 
plus 150. | 2.20 | 86.80 | 2.10 | 97.30| 69 | 80.1] 67 | 77.5| 5.2 | a8] 5.5 | 90.2 
Plus 200. | 1.50 | a8.30 | 1.40 88.70 | 3.2 | 93.3 | 3.8 | o1.3|{ 22 | 92.0 2.0 | 92.1 
Minus 200 | 12.70 |100.00 | 12.30 |_100.00 |_16.7_|_100.0 |_ 18.7 |_100.0 |__.0 | 100.0 |___7,.9 | 100.0 | 
|___Primary classifier overflow | ___—=—s——Bow) classifier S| Secondary 
———Unit 2 | unite | ree | sang | verttow | bald-mill discharge 
Mesh | Cun. | | Cun. | Cun. | Cun. | | Cun. | | Cum 
|Per_cent|per cent|Per cent|per cent|Per cent per cant|Per cent per cont|Per cent |psr ceat| Per centj_per cent 
Plus 28.. | 0.2 | 0.2 | o2 | ov2 0.2 o2| 07 | 07 | | 0.8 0.8 
Plus 35.. | 1.6 | 2.7 | 1.9 | 2.2 2.0 22| 45 | 5.2 |. | 28 228 
Plus 48.. | 4.0 | 5.7 | 44 | 65 | 42 | 64] 11.8 | 17.0 | | | 3.6 | we 
Plus 65.. | 8.0 | 13.7 | B.2 | 14.7 8.2 | 146] 22.0 | 39.0] 08 | o8| 286 | 15.8 
Plus 100. | 12.6 | 26.3 | 12.6 | 27.3 | 16.2 30.8} 296 | 68.6| 5.6 | 6.4 | 22.7 | 38.5 
Plus 150. | 9.8 | 36.1 | 9.7 | 37.0 | 13.5 44.5 | 16.9 | 5.5 | 10.0 | 16.4| 18.5 | 57.0 
Plus 200. | 7.3 | 43.4 | 7,0 | 44.0 | 9.9 | 5s4.2| 9.4 | 94.9] 9.8 | 262| 129 | 69.9 
| | | | 


| 
_100,0 |__5.1 | _100,0 | 73.8 |_100,0.}_30.2 |. 200.0 


a a a SO Per cent solids. 
CSO ME Ge Msi cine vases dessa ales Se cssttowes ovamndivateseoaenad | 800 | 97.8 
Feed, unt Qocccccccccccscsssssssnssssssessesecesssevunssasassssesseseneen 800 | 98.0 
Ball-mill discharge, unit Li. | 4,472 | 81.8 
Ball-mill discharge, unit 2.0.0.0... cise | 3,560 | 80.8 
Primary classifier sands, unit 1... ee | 3,672 | 84.3 
Priaary classifier sands, unit 2.00.00... ! 2,760 | 83.3 
Primary classifier overflow, unit lou... | 800 358.4 
Primary classifier overflow, unit 2.0.0.0... | 800 | 43.3 
Bowl-classifier 00d... ccceccsccscececacssseeceeseeseaee | 2,701 41.0 
Bowl-classifier sands... .ccecccsccsscsssssecsecssaresseees 1,101 | TT.2 
Bowl-classifier overL1low.......ccccccecssscsceteeseeeseees 1,600 | 25.6 
Secondary ball-will ALSohargeecccccsccccscssssssssssseceeeee | 1,101 17.5 


I.0,6343 


Table 2. ~ Average mili assave and recoveries for September, 1929. 


| |ounces per ton|Per cent 


Product | Height, | Total Sulphide| Oxide| Acid | | 


|per cent | copper copper copper |soluble|Si09|A1203 Fe Ss | ZB |cao Au Ag Total 
a fee [a a fa a te 
| a ee ce oe | | 
Flotation feed}! 100.000; 3.06 2.89 | QO. 034| 0.170 |3l. - 11.4)20.4/16.1/1.2 1.6|0.0157 0.7379 85.0 
Concentrates....| 19.591]14.42 14.562 | 003; .053 &.8/50.9/56.2)5.1 | .7| .0553 2.6696 95.3 
Tailings........... | £0.409| 925 R02 | .036{ .O071 /|37. ee 13.6/17.9/10.8 ee -OO70| .2718 | 82.5 
| a 
BS sa OG es 
Product | cuFeS2|zns.Fes!|rese |schist |quartz| Hydrated | Cac03 | Totals 
Flotation £000... 00... cee | 8.81; 1.99 (25.17) 45.60 ail 1.55 2.85 | 102.86 
Flotation concentrates.......... 41.52| 8.46 |35.47| 11.20] 2.18| 28 1.25 100.08 
Flotation tailings... wu. 95 48 19.32 94,40 | 105.72 


~ 2.47 | 3.23 


1 - United Verde ZnS.FeS contains 60.3 per cent Zn, 33.3 per cent S, and 6.44 per cent Fe 


Product | Acid | | 
Total |Sulphide; Oxide soluble| Zn Fo |A1l203 S S109 | Ag {| Au 
aa saad Galea! “Aik SA a Ge Ge 


(re ee ce ee eee ee ce 


100.000|100.000 |100.00/100.00 |100.000|100.000|100.00|100.000{100.000|100.00|100.00 
91.129| 93.919 | 14.86] 66.42 | 78.915| 29.674| 4.73| 45.752| 3.265| 70.52| 64.98 
s.s71| 6.081 | 5.14] 33.58 | 21.085| 70.336| 95.22| 54.248} 96.735| 29.48] 35.02 


Flotation feed ......00..... 
Concentrates oo... 
TALLINE Sassen cicninagen 


eee ey 
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tople la.--Sercen sizes cri co*per anal-ses of concentr: tor 


7 Cite wtirve tk? Ger 6h me a GY a eee le ee ey . 


feod and products 
Perdtember, 1929, monthly composites 


Ore treated, 44,440 tons 
Concentrates, drequced, 8,706 tons 


—=_— aweewesnp «2 (een were e- ae CB = =D 


Flotation tailingw 


ee a 
iiill feed pout on feed , concentr..tes 


Mesh $  vrercent ¢ Per cent “>” Per cent per cent 
: sess saterials Coppers: | Mete rial oy er 
Plus 3ee3 80525 3 2259 3 : : : t 
Plus 4..: 25.525 : 3.18 3 : : : 3 : 
Plus 64.3: 15.075 : 3811 3 : : : ° 3 
Plus 8.63 11.650 : 3.03 3 : : : : 3 
Plus 10.3 8.350 3: 3.03 3 : : : $ $ 
Pig: dos 590975 $ 311 3 : : : : : 
rlus 20e: 42.100 $ 2.599 3 g $ : : H 
Plus 28.3 3e475 3 3.03 3 : : : $ : 
Plus 35. Se00 #6: Selo : : : : : 
Plus 4863 1.950 ; 3.16: O39 : : : : : 
Plus 65.: 1.150 3 3.213: lel : 0.61 : : ; 1.7 : 0.3350 
Plus 100: 2.200 : 3.28 3 Tek ¢ 0.92 : 1le2 ‘ ° 8.5 ; 0.440 
Plus 1503 1.450 3 3.54 3: 10.5 : 1.99 3 305 ¢ 18.12: 12.0 ; 0.490 
Plus 200; 1.175 : 3.79 $: 10.6 2 3.103 9-7 3: 15.94: 10.3 : 0.430 
Plug 300:1 7.009 3: 3.84: 13.1 ¢ 35-82 3: 18.45 ¢ 14.17: 1224 +: 0.389 
Minus 3007 : 5 572 2 3051 : 67-1 $ 144173 55.1 ; 0.260 
Combesees 100.000 3.3.10 : 100.0 © 3el10 3 100.0 ¢ 14.48; 100.0 s 0.342 
: : : : : : | : 


L will feed plus 300 is :iimus 800 mesh 


35 Oe 
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I. Co. 6545 


Table 3.-~ineiallurgical date for Septembcr, 1929 


> EE ED > Re GE wer a EY eC a OE eee GU Oe 


“Ee a 


eae w 2 ~ 


Dot?l: OP tP6c tel ts ids eiwens taeseeee~ot tons 44,944 
Total ore trectedecscenessesnsessseseeedrs tous 44,410 
PAGO 0 JOGO UCI. oh 6 ne ebsle eae ween ceemesnes acu 29 
Tine: Overrated “per diy ive wisvees% 6. i0sste sees Ours 24 
Avercen ore treated ner 24 horvrSececccccees vOulS 1 5S0¢d 
BoC y. BOCTLONE PUTT 6 obi eeese eco wee eww eee. 1.892 
avercge ore ver 24 hours ver section. ...... tous 789 
POON. COP CCUUE Tes cies oe Meniktaw wtawee ewes: 2 8,706 
Averese concentrates per 24 nNourSeccerceccce 300 
Total. CONCCUtY. tebsn ac iuheebs Ge baasdaasece 8,706 
Recovery of tot 1 conver eeccccceveeeee per cent 91.2129 
Recovery of sulphide copreresseccscceee " 93.919 
Recovery of oxide copper Sececseccseeee § 14.860 
Recovery of acid soluble copper 3S, cee - 66642 
RECOVERY Of FinCisvecsciveseeseneuesees: 78.915 
PeCOVEr 1 Of Ol ttdetuadeaasseaecsoawee 64.980 
NOCOVETY Of SI1Ver sicwcsceieawseeesunn 70.520 
REJECTION Of STi tesisesatecacseesaeces 68.82 
HEJECtIOM.OF SCnI St Anwswtweseseeestcas. 950R2 
Rejection Of SiliCds<6<.atsduaceewenwses. 1” 066735 
RAtIO“OL COM tr GION: «ss seeseeSeeweesieesaenee 3 521044 
Tot:.1 w.ter used ser ton ore tro-tod.....allons 705 
Fresh water used >.er tor. ore treated 567 
Reclaimed weterecesesevvsessoeeper cont. oftotal 45.87 
Ball consunption per tou of ore trecated...nounds 26028 
Liner consumption per ton or ore trezted es e218 


awe. eee Ses Gp Oe. eb Oo RRP + Pew Cee a E> -& «ape 


[ee <a ae: 
> OCP CPs Ey ar etaE - -6p ee ap a a a 


1. Mill shut down on Labor Day. 


2e Oxide copper determined by SO, leacn. 


5. Acid=-soluble copper determi:e” by lewching with a 5 per 
cent solution of sulohvric acide 


8010 


Concentrateg produced: 8,706 tons 


queen eee © eg ee ee eee oowe oe a 6.6 ee 2. Oe@ 1S oo oe 2 OO 


Total 


6 
e 
{EE ED Gh GR ee Geeote «eS Ge GEE Ses 


Receiving ores ‘ 


Unloadingescccsccveccccce! 3 


Coarse crushingccccccccce: 

Fine CTUSHINGecccccccccce: 
Totaleccece: 

Conveying and feeding : 
WA LOS cccccccccccccercccces 
BupPlicSswcccccccvccscsveves: 

Electric woweLrecsccecsece’ 

Repairs 
ne 
SUPHLICS cece: 
 ‘Potaliweset 


a > aww 


a ea 


Ore treeteds; 


422.21 


3 ydd0 077 


5245.16 _ 
9,003 .14 


DPeben Gene art C4 aa «. 8 oY OreapbeuT: aw ee 


664.59 


15 .03 


162.02 


150.76 


47.75 


a e C e 6343 
Table 4.--Swisary of costs for September, 1°29 


2 © Peoem=e ee 2 + 6 


he ~~ oe 


w sc e+eam 


44,440 tons. 


>_>. ene 


"Fer ton 


“ 0.0095 


00751 
«1180 


62026 


20149 
0003 
0036 
0635 


00234 


001] _ 


> ees arerencar~we Ft WOE") OF oe a CO Gee eee | eww 


1,039.95 


ne @ 2 ow "a~ ah 


Grinding : 
WORCS 6665060006 s eee eeeees 7388.68 
Suprlies cecsesccvesccseces 196 620 
Electric powerescececccece: 3,206.78 
Grinding ballsccccccoccee: 1,858.49 
LINGLS 6is-0s:s.60 40.6 ed ese wanes 444.67 

Repairs ff ee | 
WAC CS eee eooces 372208 
Supplies eoe.: $51 326 
Total ence: 7,278.46 

Flotation : 
WAGCS 6 (6ues- 564.050 o saaweees 957.07 
SUPPLiSSecccccscccvsecceces 16.36 
Electric PpoweLececcccccce: 1,103.36 
ROAZONTSerccccccccccccveces 5,108.08 
SH OUNCE GLYecercceccccoe: 311.36 

Repairs s 
TAZOS cccceces 189 .42 
Suppliese...: 109.68 __ 
Ota Laws aes 7,795 053 

Thickening of concentrates: 


WE ROS sane s.e6-sw be Jee ore 8 
SUPPlLlesccccecccecsccsevens 
Electric Ppowerecsecovcevece: 
Repairs... ... -. : 

WALCBecccvcces 

Supplies... ee 
Totaleccece’ 


SESE @ cenegeee _——~, 


= 25 
8010 


525 2205 


1.65 


162.38 


53.75 


43 46 
786.47 


Q.C178 


ao ~~ a ar 


00044 
00735 
20419 
20100 


00084 


21639 


0.0216 


©0004 
00248 
21149 
20072 


©0043 


00079 


0025 


01757 


0.0118 


ween co © @eanave 


«0000 
©0057 


20012 
20010 


.0177 


<« 


_eag-ee «20 Er ever we 2 ew eu=e@i asco. ewe Gee wu *en o® 


ow - a «2 Gare). 6 qnuneewT auE==SEE oe ee * 
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Table 4.--CKuiiary of costs for Sentember 1920, 


(Continued) 


eid dp ceiees sale Giunta aeowtacen q Ot t.. ber Pom, 
Filtering : 
(ORCS 65450 seaeeeeeceeeneanwe —, .“S65.57 > 4 0.0082 
DUPD LLCS s se.wias ss wees eeewewe 3 e7d evCOL 
Electric ~ “OTTE Pewee crovscsceaces 125 .85 Pf 0028 
Oe OUNCE SIP esses 665 weet eet 10.40 : 20003 
Rerairs... <4 : : 
ICE CS wie ee-eew wa40 52005 ; 00012 
SUPDLLICS ec eceve: 142002 _ 200385 
LOtCELecceces: 703 235 : 00159 
Handling, of conesntmtss 88 © a a a ic 
NEO bee avse ee ou eae Gre hara eteree gees 49.29 : 0.0-11 
DUUU ILCs view-aaw kine was wee eeee 037 : 0000 
. SUCCULILC 70%, CF 6516.5 secre weees 53.03 : 0012 
Aepairs : : 
"OE CS ee eceve earn 90.30 ; e0020 
Suppliesece....3) — 49.99 : 20011 
Totaleceecee: 242294 : 00084 
Tailings S dispesal ais a ae Sa Teeter oer ee _ eee - 
OECD 626. 0:0a 6 owe iie Sass Seek weet 158.77 : 0.0030 
DUP 11 Oca e-iwisaes we k-oe bee: 0208 : 0002 
Aepairs : : 
MOGCS Sis se -iseeet 31.213 : 0007 
SUpDLieSesccsooe? — 39 8 ~_ 20001 | 
POG Lessee 200.54 00046 
Ti RSE Bee Rice tae aa yee ete ace ta gtk Pye Nea apes Dh he ot 
MIOClUIIG SOVErs<issseewweecs 51.75 : 0.0012 
BYESH WEte? SUPOLY see. ce'sces 1,126.40 : 00248 
revairs : : 
Wee CS Wise Wiad awcow: 43.41 : 20010 
Suppliesecesssee: | 21652 3 0005. 
Totelececee’ i "245.08 : 00275 


em -eerewwepass Aone Wows awe: we +: 


Routine sax jling ene testing : : 


- aw we &@ orm a on ee! we are ew ew © ee eowwinr ce fe we ee 


To OG coed ac eeciok Sani 1,364.09 
DUOU L162 :6-«-s sas dreexerece Bose eee 39.67 ° 


HICCtTIG. GOWED since ccinceuesie® 55 67% 


Renairs 


oo -m _ 
Qumre. aw. . ~~ GD? “ae a ee eww elf —ew ea w= aw + eEQpwrewe w * vr 2 we @e Pe i tte . 


8010 


"OOS ieubieS weeeee ares 9557 
Supplies @e@eeeee e : an 2002 
Totelesssee? Ee 471.11 : 


ee ee ese re } 


Ie Ce 6°43 


Table 4.--Summary of costs for September 1929. 
a 
(Concluded) 


Gwe. @ Qunewenwsee Oe - OO~8 Oe ee  @ ~S © Cee O- wr em er Me eer ww OED Ore: @ «wee @ eter eS eee ee © Me wy aE em Oo Mm eee eww @& GF 


Totel ; ____ Per ton eae 


—aGew © ae OG 8+ Ua @ 2 ¢ eee ww s @ ww: em com. we ow et 8 OU Bl ee me ee err oom: 


Concentrator unclassified : : 
VOCOS. wes eabaneseomesseeet 9° 25076<70 > 3 0.0467 
SuNPLies .cecevsecccsccvccces 152 .84 : ©0035 
High-pressure @ilecccecccce: E7360... 2 20004 
HLSctTLc DOVSI cecscccccecss? 148.20 : 00033 
Mineral separetion royalty.: 444.40 ey eQ100 
Repairs ae : 
WaeGS ccwesanenns 64.20 : 20014 
Supplies....ceee: 99.85 =: 20014 


quwr=— Ghee eee awww + 


Totalwcsccce? ' 2,964.85 : ©0667 
Redistributatle accounts © © 77 
32 ounce air’ . : 

POWCr esccscsvsen’ S12 5D eld 

REPaAirSeecccocce: 6.65 
Tot@leecceccess Sele76. = % 
Distribution of 32 ounce. at : 
air : : 


Flotation. ceccee: 511.36 
Piltering....ee% 10.40 =: 


oo: awe | own 


Totalesecsee! 321.96 | 
Total cost of concentrating 44,440 tons Of OFeveccesceeceeees $32,731.10 
Total cost per Heese ee eesti rasta erences ovate tacitesntet lass eee ese 07565 


Power costs, 0.75 cent per kw. h. 


oe aS 
meee ee oem @ © eee een eerereme: eo curem ow~ww @ @ <8 ww ee ee eee ae ae oer oe ore 
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Table 5.--Suizery of costs 
ge. te. 


Ore tre:tec: 44,440 tons 


Concentr 


ates »roducec: 


in units os _i°) or, Borer, end supplies, 
per lees. 


8,706 


tons 


3 Opevetion <  Rersirs “:" Totaly 7° 77 
ae Labor (imn-shifts, exclulfing : : i iia 
erushin:) : : : 
Conveying cue TreGingececcccccce: 167.00 : 29.05 3: 190.05 
CLINT wi.6ree 6 ac0-5:6 tines ee a wees 129.00 : 66.85 ¢ 195 .55 
DICE Cia ew see wee ee Gewese eae es TES.50. 3 D1eesS <s 187 .39 
TAT CKEMI 60 iuceewie's oe bue e4ee wicawes OSyrO: § 9.1° ; 104.569 
WA LG OTT i: sree tue ee diatew eae eee wae GOO: 3 8.50 ; &9.00 
Handlins of coucentreteSeeeccece: 9.00 4 15.64 = 24.064 
Tats Gis OS) Lis ie essere eaccee £29.50 3 5.24 ; 34.25 
si 1s We GON aie Wee. sw Se ace eosee secon 10;00° “ 7.04 3 17.34 
Sampling auc tastingecececccces: 194.00 : 1.40 : 195 .40 
UNCLASSIL1 Cl seven eeeadawmelacieess dlv.GQ : 10.50 : 14.50 
POtCVewcsiwet, C0050 2, 185.50 —: 1,144.30 _ 


Tons Ecr man i ieginedic ee 38. 82 


ee elm we, =n ev awe 


Power (Ievsheuse2) 3 
Conveying end Lecdingeccrccccce? 21,003: 0.48% 


Be Total Per ton: 3 ser cont of totcl 


£0976 


CTINGI He sos wiedwns aa tow siawsaeet °435,571: 9.801 : 60.004 
PLGtatiGiises.ccssccnseamangesereel47, 11s 5510 : 202256 
TDA CK Visas tw aceweecewee ene 21.0508. «407: 2-983 
PUIG CTING seed ouw seivieaessvawaes 16,7902 3579: Seale 
fancling of conceutratcSeses..6: %,070: 4159 : 0974 
Tailings CLSROSE 1 ee easawence awe O: .009 : e000 
fica e] <i gr ee ag ae ee a 0,900: el55 0951 
Salipling end testing .sccececssess 7 y4553 elo? 3 1.024 
Lichting cné@ unclassificds.eeese: 19 »700: 2445 :; 20722 
OG OUNCE Bi Pi tin 6hiiiee deeds 42,028: 0945 5 783 


.100 .000 


ow Ee @wewiere-ai+ +. ee @& 


Tote LScccccees Tac, 900: 160334 : 


~_e wwe ewe we om Te oe 


Founds per | ton | 
Ge 5S7L 
00225 


/_ =o 


=e @ 
ow ~ Reacents — wre ee ee aw rece 


C. 


Reagents Sees ‘_....Founds _: _F 
Lime, burnt (high eclciui)escece: 423,320 
Cyanide » cruce calcium... eceoccees 


~ 
d 
1.) 
SO 
O 


Xanthcte, potassium amyle.c.ssee! 3,000 : 007135 

Xanthate, Bodium ‘ethyl...eceeee: 3,980 : 20896 

Pine oil, _YATMOLs ose ecc cess ae: 4,220 : 2 0949 oe 
D. Princival suvnlios ae ea =" ar — 

Briuding balls.cccccoccocccecact 90,124 2.028 

AMON Bissieisieicisarcn'schawicnoewt ance 9,688 : e218 

PUMD DAYS toaiew casuesae< sew wiece’ 487 ° O11 


EEE Err: Lae 


.030 


A PE! QOD 


( 
~ 

Ka 
~ 
“J 
ee 


Flotetion Lim eéliors.. oo aeece eee 


«og o 
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2” milk of lime circulating system 


2” line 
Valve—ts<_| 
Orifice 
a hydraulic water 
Valve 
Teeter chamber 
Spigot 


NOTE: Hydraulic water supply must be of greater preseure tian 
milk of lime supply and available in sufficient volume to satisfy 
spigot capacity. ig’ "sa vont ard pipe fittmgs are used in assembly 


Figure 6. — Milk of lime spigot feeder 


